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@ Electrode. 

@ An etastomeric electrode having an electrically conductive 
base, a protective layer enclosing the base formed of an 
elastomeric material having electrically conductive material 
selected from the group consisting of highly conductive carbon 
black, graphite, and glassy carbon distributed therein and 
present in the amount of 1 0 to 30 parts by weight to 100 parts by 
weight of the elastomeric material. A terminal extends from the 
base to exteriorly of the protective layer. 
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ELECTRODE 



Technical Held 

5 This Invention relates to electrical conductors and, In particular, to electrodes. 
Background Art 

In one conventional form of electrode, the electrode comprises a metal element having a suitable 
current-carrying wire connected thereto. The electrode illustrative may be disposed in an electrolytic bath, soil, 
10 etc. In such an application, when direct current is applied to the electrode, ionic conduction through the 
grounding medium relative to the electrode Is effected. 

Chemical changes occur at the boundary between the electrode and the surrounding medium. Illustratively, 
conventional uses of such electrodes are in electric plating, electric metallurgy, treatment of soils, such as to 
remove disease bacterial or microorganisms therefrom, electrolytic plating operations, etc. 
15 In Japanese laid-open patent application Nos. 127172/1976 and 259533/1987, such electrodes are utilized In 
soil for removing specific diseased bacteria and microorganisms. 

The use of metal or graphite electrodes presents the serious problem in the lack of durability due to 
oxidation of the surface of such electrodes, where the electrodes are used as anodes. Such oxidation causes 
contamination of the electrolyte and further causes disintegration of the anode, requiring replacement thereof 
20 in normal use. 

Further, it is difficult to manufacture such metal or graphite electrodes in other than extremely simple 
shapes due to the high hardness thereof. 

One attempted solution of the problem is to plate the electrodes with noble metal, such as platinum, gold, 
etc. Such attempted solution is not fully satisfactory because of the high expense thereof. 
25 Graphite electrodes are subject to such oxidation, as well as the metal electrodes. 

Further, soil particles adhering to the surface of the electrodes, or gas generated by the electrolytic reaction 
at the electrode cause a serious problem in the reduction of the current flow. 

Disclosure of Invention 

30 The present Invention comprehends an improved electrode construction which avoids the problems of the 
above discussed prior art electrodes in a novel and simple manner. 

The invention comprehends the provision of a composite elastomeric electrode adapted for use as an anode 
having long, troubiefree life. 
The elastomeric electrode of the Invention has excellent flexibility. 
35 The electrode construction effectively blocks corrosion of the surface thereof due to oxidation for improved 
use in electrolytic reaction, soil treatment, etc. Where used in the soil, the electrode provides improved 
resistance to adherence of soil thereto, and improved prevention of gas generation at the electrode while, at 
the same time, providing increased surface area for enhanced current efficiency. 
The invention comprehends the provision of such an electrode having an elastomeric electrically conductive 
40 base enclosed in a protective elastomeric layer. 

A terminal is provided for connecting the base to electrically conductive wires or the (ike. 
The protective layer is formed of an electrically conductive elastomeric composition wherein electrically 
conductive carbon is distributed In a synthetic resin. 
In the illustrated embodiment of the invention, the protective layer includes 10 to 30 weight parts of highly 
45 electrically conductive carbon having 300 to 600 ml/100 g of DBP absorption number, 800 to 2000 mg/g of 
iodine number, and 800 to 2000 m 2 /g of nitrogen surface area to 100 parts by weight of rubber. 
In the Illustrated embodiment, the rubber may comprise silicone rubber, fluorine rubber, etc. 
The invention comprehends that the protective layer may contain antioxidative conductive powder and, In 
the illustrated embodiment, the conductive powder is provided in an outer surface portion of the protective 
50 layer. 

The surface portion illustrative contains a greater amount of highly electrically conductive material than the 
remainder of the protective layer. 

The electrically conductive material of the protective layer may comprise highly conductive carbon black, 
graphite, glassy carbon, and the like. 
55 The invention comprehends the provision of a filter layer of porous material on the outer surface of the 
protective layer; 

The electrically conductive layer may have an outer surface which Is irregular or uneven. 
The filter layer may be provided on the irregular or uneven outer surface of the protective layer. 
The electrode may be mounted in a housing having an opening therein for passing the electrical terminal into 
60 electrical conductive contact with the base. 

The electrode of the present Invention Is extremely simple and economical of construction, while yet 
providing the highly desirable features discussed above. 
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Brief Description of the Drawing 

Other features and advantages of the Invention will be apparent from the following description taken In 
connection with the accompanying drawing wherein: 

FIGURE 1 is a cross section of an electrode embodying the invention; 

FIGURE 2 is a graph Illustrating the relationship between electrolytic current and time with a number of 5 
electrodes embodying the invention; 

FIGURE 3 is a transverse section of another form of electrode embodying the invention; 

FIGURE 4 is an enlarged fragmentary section illustrating a portion of the electrode of Figure 3 in greater 
detail; 

FIGURE 5 is a transverse section illustrating still another electrode embodying the invention; w 
FIGURE 6 is a graph showing the relationship between electrolytic current and time of a number of 

different examples of electrodes embodying the invention; 

FIGURE 7 is a fragmentary perspective sectional view of another form of electrode embodying the 

Invention; 

FIGURE 8 Is a transverse section of still another form of electrode embodying the invention; 15 
FIGURE 9 is a fragmentary enlarged sectional view Illustrating a portion of the electrode of Figure 8 In 
greater detail; 

FIGURE 10 is a transverse section showing still another embodiment of the Invention; 

FIGURE 11 is a fragmentary perspective sectional view of still another electrode embodying the 
invention; 20 

FIGURE 12 Is a perspective view of another embodiment of electrode embodying the invention adapted 
for use as an electric stimulator electrode; and 

FIGURE 13 Is a graph showing the relationship between reduction weight and current density in 
utilization of an electrode embodying the invention. 

25 

Best Mode for Carrying Out the Invention 

In the illustrative embodiment of the invention as disclosed In the drawing, an etastomeric electrode 
generally designated 10 is shown to comprise an electrically conductive base 11 surrounded by a protective 
layer 1 2. the protective layer effectively surrounds the base so as to prevent direct contact of the base with the 
surrounding environment, such as the electrolyte, soil, eta, in which the electrode is used. 30 

In the illustrated embodiment, the protective layer has a thickness in the range of approximately 0.1 to 5.0 
mm. 

Base 1 1 is formed of a fabric material, such as satin, twill, plain woven fabric with textile weave organic fiber 
yarns made of polyester polyamide. aromatic polyamlde, etc. The fabric yams are coated, as by deposition or 
chemical plating, with conductive material, such as nickel, copper, zinc, etc. Alternatively, electrically 35 
conductive elements may be provided In the yam. Further alternatively, the fabric may comprise a metal fabric 
or mesh. Still further, the base may comprise a metal plate. 

The surface resistance value to the electrically conductive base is preferably less than 20 ohms per square 
mm. Preferably, the thickness of the base is no more than approximately 10 mm. 

The protective layer is formed of silicone or fluorine rubber provided with the distributed carbon or oil 40 
therein. Highly electrically conductive carbon for use in the protective layer preferably has 300 to 600 ml/100 g 
of DBP (absorption number), 600 to 2000 mg/g of Iodine number amount and 800 to 2000 m 2 /g of nitrogen 
surface area. 

Preferably, the electrically conductive carbon has a continuous chain structure with only a short distance 
between the particles. Examples of suitable carbon material are Ketjen black EC, manufactured by AKZO, and 45 
Printex XE-2, manufactured by Degusa. 

In forming the protective layer, 10 to 30 weight parts of carbon is added to 100 parts of silicone or fluorine 
rubber. 

The side chain of the rubber is preferably a methyl or phenyl group. Examples of such silicone rubber are 
methyMnylsiloxane polymer, f luorosillcone rubber introduced with CF2 In its main chain, or fluorosiloxanedl- 5Q 
methyisiloxane copolymer. 

Examples of suitable fluorine rubber include vinyiidenefluoride tetrafluoroethylene-propylene, fluorine-con- 
taining silicone, fluorine-containing nitrile, fluorine-containing vlnylether, fluorine-containing triazine, and 
fluorine-containing phosphazine. 

Such an elastomer composite electrode may be used for both anode and cathode applications, as it 55 
effectively prevents metal adhered to the conductive base from oxidizing or dissolving. 

The protective layer is arranged to permit a terminal 13 to extend from electrical contact with the base 11 to 
exteriorly of the electrode, as illustrated In Figure 1. 

In Figures 3 and 4, a modified form of electrode embodying the invention generally designated 110 is shown 
to comprise an electrode generally similar to electrode 10, but wherein the protective layer 112 defines outer 60 
surface portions 114 containing antioxldative electrically conductive powder. The thickness of the surface 
portion 114 Is preferably in the range of approximately 0.1 to 5.0 mm. 

The use of conductive fabric provides for improved flexibility in the electrode. 

The electrode 110 Is adapted for use in water, alkaline or acidic aqueous solution and preferably, the 
protective layer 112 contains highly electrically conductive carbon and oii in an elastomer of natural rubber, 65 
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polybutadiene rubber, styrene-butadiene copolymer rubber, butyl rubber, chloroprene rubber, ethylene 
propylene copolymer rubber, and silicone rubber. The rubber preferably Is a sulfur, sulfur compounds, or 
peroxides for cross-linking of the rubber to improve mechanical strength and heat resistance. Alternatively, 
the protective layer may be formed of a thermoplastic elastomer, such as SIS, SBS, and SEBS. 
5 The protective layer 112 also contains highly electrically conductive carbon, graphite, glassy carbon, etc., in 
the amount of 30 to 150 parts by weight, and preferably 40 to 100 parts by weight of the carbon In 100 weight 
parts of the elastomer. 

The carbon preferably contains 150 ml/100 g or more, and preferably 400 ml/100 g or more, of DBP oil 
absorption number, 100 mg/g or more of iodine number, and 150 m 2 /g or more of N2 surface area. 
10 Illustratively, the carbon may be formed of highly electrically conductive furnace black or acetylene black. 

The elastomer of the surface portion 114 may be the same as that of the protective layer 112. The 
antioxidative electrically conductive powder may comprise an oxide having a NaCI type structure, such asTIO, 
VO, NbO, EuO, etc.; a corundal oxide, such as H2O3, C2O3, etc,; a rutile type oxide, such as TIO2, Sn02, RuCfe, 
OSO2, IrOa, etc.; a Perovskite type oxide such as LaTIOs. CaVOs. S1VO3, CaCrOa. SrCrOa. LaNiOs, LaCuOs. 
15 SrRuOa, LuNiOs, etc.; an oxide, such as ReOa and MxWOs; a Pyrochlore oxide, such as an K2MF4; a spinel 
oxide, such as Fe304, UTI2O4, etc.; and an MxVgOs oxide, such as beta-MxV^Os. The oxides preferably have 
approximately 10~* ohm.cm, or less, resistivity at 300K with dp/dT less than 0 so as to directly deliver electrons 
to the surrounding electrolyte in controlling the electrolytic reaction. 

Other examples of powder having suitable high antioxidation and heat resistance characteristics for use In 
20 the surface portion 114 include powder of metal boride, such as T1B2, ZrB2, MoB, etc.; metal sillcldes, such as 
TiSi2, WSI2, NiSu2, ZeSu2 etc,; metal nitrides, such as TIN, ZrN, etc.; and metal carbides, such as TIC, ZrC, 
M02C, and WC. 

Preferably the antioxidative powder Is present In the amount of 50 to 1500 weight parts to 1 00 weight parts of 
the elastomer. More specifically, the antioxidative powder is present In the range of approximately 100 to 800 

25 weight parts of powder to 100 weight parts of the elastomer. 

The inclusion of the antioxidative material in the surface portion 114 preferably causes the surface portions 
to have 1 1/2 to 10 times as much electrically conductive materials as that of the remainder of the protective 
layer 112. The use of such a high amount of electrically conductive material in the layers 114 effectively assures 
that the surface portions are minimally oxidized. 

30 In Figure 5, another modified form of electrode embodying the Invention, generally designated 21 0 is shown 
to comprise an electrode generally similar to electrode 10, but wherein the antioxidative material is not 
provided in the form of a layer 114, but rather, Is distributed throughout the protective layer 212. As In 
electrode 110, the antioxidative conductive powder is provided in an amount of 50 to 1500 weight parts, and 
preferably 100 to 800 weight parts of powder to 100 weight parts of the elastomer. 

35 Similarly as in electrode 110, highly conductive carbon is also distributed throughout the protective layer. 
The electrode of Figure 5 is advantageously adapted for use as an anode in that the antioxidative material 
effectively precludes oxidation of the electrode notwithstanding the disposition thereof In an electrolyte for a 
long period of time. Further, the provision of the antioxidative material controls the electrolytic reaction of the 
electrolyte advantageously. 

40 It has been found that such an electrode has a generally catalytic ability. The inclusion of an oxide, such NiO, 
WO3, and TIO2 provides photoactivation characteristics, thereby permitting the electrode to generate oxygen 
when used as an anode. As the chlorine overvoitage of RUO2 is one-tenth or less In a saline water electrolysis 
than that of graphite or platinum, chlorine gas can be efficiently produced. Further, as NiO has a low hydrogen 
cathodic overvoitage when the electrical potential is suitably controlled, hydrogen gas can be efficiently 

45 generated with the electrode. The desired overvoitage of hydrogen, oxygen, or chlorine may be controlled by 
selecting the electrically conductive antioxidative powder for efficient production of the desired gas. 

In the electrode 210, as shown In Figure 5, the protective layer Includes 30 to 150 weight parts of electrically 
conductive powder, and preferably 40 to 100 weight parts thereof to 100 parts of the elastomer. Such an 
electrode may be used for both anode and cathode applications and prevents metal adhered to the conductive 

50 base material from oxidizing or dissolving, with the protective layer delivering electrons between the 
conductive base and the electrolyte. 

Turning now to the embodiment of Figure 7, an electrode generally designated 310 is shown to comprise an 
electrode generally similar to electrode 10, but being adapted for use In soil. The base 311 is embedded in a 
protective layer 312 similar to the base and protective layer of electrode 10. However, electrode 310 further 

55 includes an enclosing filter layer 315 made of a porous material. The filter layer is preferably not bonded to the 
surface of the protective layer 312. The filter prevents fine soli particles from entering therethrough, while yet 
permits impregnation of water to protect the surface of the protective layer and thereby activating an 
electrolytic reaction on the surface. 
In the illustrated embodiment, the filter layer may be formed of nonwoven fabric, woven fabric, paper, and 

60 foamable material. The thickness of the filter layer 315 may be selected as desired by the user. 

In Figure 8, still another form of electrode embodying the invention, generally designated 410, Is shown to 
comprise an electrode similar to electrode 10. but wherein the outer portion 416 of the protective layer 412 is 
provided with a rough, or uneven, outer surface 417. The surface portion 416 may be formed of a different 
material from the protective layer 412, within the broad scope of the invention. The outer surface portion 417 is 

65 selected to have enhanced permeability whereby electrolytic reaction on the rough surface 417 is enhanced. 
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Where the surface portion 417 comprises a separate layer, It is preferable that the surface portion 416 be 
readily bondable with the protective layer 412. 

Still another form of electrode embodying the Invention generally designated 510 Is shown In Figure 10 to 
comprise an electrode generally similar to electrode 10 but adapted for use in soil and including a first 
electrically conductive layer 516 on the outer surface of the protective layer 512. The outer surface 517 of the 5 
layer 516 is preferably rough, or uneven, and the filter layer 515 Is provided on the rough outer surface 517. The 
electrode 510 has an Increased surface area for providing improved electrolytic reaction characteristics, and 
the filter layer 515 effectively protects the outer surface 517 in use of the electrode in soil applications. Thus, 
fine soil particles are not adhered to the surface 517, while yet the electrode can maintain desirable electrolytic 
reaction activity as a result of the impregnation of the filter layer 515 over a period of time. Gas generated by w 
the reaction is externally discharged from the filter layer without residue therein. 

Referring now to Figure 11, still another form of electrode, generally designated 610, embodying the 
invention comprises an electrode having a base 611 and a surrounding protective layer 612, similar to these 
elements of electrode 10. Electrode 610 is also adapted for use In soil and includes a surface portion 616 
having a rough, or uneven, outer surface 617 similar to that of the surface portion 417 In electrode 410. A filter 15 
layer 615. similar to filter layer 515 of electrode 510, Is provided about the surface portion 616. Electrode 610 
differs from electrode 510 in the provision of an outer, rigid container 618 formed of a suitable material to 
prevent the electrode material from deforming under the pressure of the soil. The container is provided with a 
plurality of through openings 619 for passing water therethrough from the surrounding environment In the 
illustrated embodiment, the container is formed of a suitable synthetic resin, ceramic, wood, etc. 20 

In the electrodes used for sil applications, the filter layer prevents fine soil particles from adhering to the 
surface of the protective layer, while yet water may permeate through the filter layer for activating an 
electrolytic reaction on the surface of the electrode over long periods of time. Thus, the soil Is separated from 
the electrode reaction surface while yet gas may escape from the reaction surface outwardly through the filter 
layer. 25 

By providing the rough or uneven outer surface on the protective layer, the total surface area of the 
electrode is increase substantially so as to permit conduction of a large quantity of current so as to enhance 
the current efficiency of the electrode. By increasing such efficiency, lower voltages may be utilized, thereby 
increased the life of the electrode and reducing electrophoresis in the charged particles in the soil surrounding 
the electrode. The filter layer further precludes deterioration of the outer surface portion of the electrode. 30 

The provision of the outer container 618 in electrode 610 provides further prevention of soil particle entrance 
through the fabric to the outer surface of the protective layer while, at the same time, reducing possibility of 
damage or deformation of the electrode by the soil pressure. 

Still another form of electrode embodying the Invention, generally designated 710 is Illustrated in Figure 12. 
The electrode 710 is adapted for use as an electrode in contact with a person's skin for electrical stimulation 35 
and the like. Electrode 710 Includes a thin base 71 1 , which Is provided with an overlying reinforcing layer 720. A 
protective layer 712 Is provided on the reinforcing layer 720. An Insulating layer 721 Is provided on the 
protective layer 712, and a terminal-Inserting portion 722 is provided on the Insulation layer 721 for connecting 
a suitable terminal (not shown) through the insulation layer 721, protective layer 712 and reinforcing layer 720 
into electrical contact association with the base 711. AO 

Illustratively, the insulation layer 721 may be formed of an insulating rubber or synthetic resin. 

Referring to Figure 2, the relationship between the electrolytic current and time with a number of electrodes 
made in accordance with the invention is shown. Five different electrodes were manufactured as follows: 

Electrode materials were manufactured In accordance with the Table 1 below, identified as Compounds A, 
B, C, D and E. The material was mixed In a Banbury mixer and formed by roll mills to a 1 mm thickness to form 45 
two sheets. Fabric having 5 to 10 ohms/square mm of surface resistance value and adhered with 
approximately 13 g/m2 of nickel on a polyester material of plain woven texture was interposed between the 
sheets and mounted In a press and subjected to a temperature of 150° C. under pressure to vulcanize the 
rubber for approximately 20 minutes. The electrodes had a configuration of 300 mm length, 300 mm width, 
and 2 mm thickness, with the thickness of the protective layer formed on the surface of the fabric being 53 
approximately 1.0 mm. 

The elastomeric electrode was mounted on a. holding plate to form an anode and a platinum electrode was 
provided at a cathode. The electrodes were spaced at intervals of approximately 5 cm, dipped in an electrolytic 
bath filled with ordinary city water at approximately 20° C. A predetermined 50-vort DC voltage was applied 
between the electrodes to conduct an electrolytic test, and the electrolyte color and precipitate were 55 
observed, as indicated, after 10 hours thereof. 
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25 



30 



D-3, 
ZnO, 



(a) RflONE. POULENC 

(b) 100 wt. parts of SIS*A, 20 wt. parts of process oil 

(c) 100 wt* parts of CR f 2 wt* parts of stearic acid, 

4 wt. parts of Mgo, 2 vt. parts of antioxidant 0 
0.5 wt. parts of ethylenethiourea, 5 wt. parts of 

20 wt* parts of process oil 

(d) AKZO 

(e) Degussa 
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1 Norma! KCI was dissolved In Ion exchange water as an electrolyte, and the electrodes were introduced 
therein at an interval of approximately 5 cm. Voltages were applied and electrolysis occurred for 1 hour When 
the electrolytic current stabilized and no contamination appeared to occur in the liquid, the voltage was further 
raised. When current drop and contamination of the liquid were observed within 1 hour, the current flowing at 
the previous voltage was held at the maximum current density. The results are listed In the above Table. 

The results shown in Figure 2 Indicate that the elastomeric electrodes of this Invention provide an Improved 
electrode construction wherein electrolytic discolor and contamination are eliminated. Over long periods of 
time, the electrolytic current was stabilized and an increase in the maximum current density was permitted. 
The electrodes did not cause oxidation of the surface and provided excellent corrosion resistance, so that the 
electrodes could be used in an electrolytic bath or soil for long useful life. 

Referring now to Figure 6, another graph showing the relationship between electrolytic current and time for 
five different rubber mixtures is shown. The rubber material shown in Table 1 was mixed in a Banbury mixer and 
was formed by roll mills to have a 1 mm thickness in two sheets. One sheet was coated with rubber paste listed 
in Table 2 herefollowing to provide a surface layer on the surface of the protective layer. 
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Table 2 
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Chemical) 
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Fabric having 5 to 1 0 ohms/square mm surface resistance value was adhered with approximately 1 3 g/m2 of 
nickel on polyester fabric of plain woven texture being interposed between the sheets. The laminate was then 
mounted in a press and heated to a temperature of 150° C. under pressure to vulcanize the rubber for 
approximately 20 minutes in forming the example electrodes.. 

The electrodes had a 2 mm thickness, 300 mm width, and 300 mm length, with the thickness of the 
protective layer formed on the surface of the fabric being approximately 1.0 mm, and the thickness of the 
surface layer provided on one surface of the layer was 0,1 mm. 

The elastomerfc electrodes were mounted on a holding plate to form an anode, and a platinum electrode 
was provided as a cathode. The electrodes were spaced at an interval of approximately 5 cm, dipped In an 
electrolytic bath filled with city water at approximately 20° C, with a predetermined voltage of 50 volts direct 
current applied to conduct an electrolytic test therewith. The electrolyte color and contaminants were 
observed after 3 hours of operation. The electrolyte was also tested for nickel concentration (ppm) by an 
atomic absorption method, and the results of the test are shown relative to the electrodes F, G, H, I and J in 
Table 3 herefoiiowing. are shown relative to the electrodes F. G. H. I and J in Table 3 below: 
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Table 4 
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100 




Stearic acid 
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Comparison examples were prepared and tested, as shown in Table 3. In Comparison Example K, a copper 
plate was used as an electrode. In Comparison Example L, rubber was mixed in a Banbury mixer, with the 
Compound S described in Table 4. The mixture was formed by roll milts to sheets each having 2 mm of 
thickness and the sheets were interposed between conductive fabric similar to that of the Examples F, Ta, H, I, 25 
and J. The laminate was mounted in a press at 150° C pressurized and vulcanized for approximately 20 
minutes to manufacture a plurality of electrodes. Each electrode had a length of 300 mm, a width of 300 mm, 
and a thickness of 2 mm. The film formed on the conductive fabric was varied by pressing pressure to 
approximately 100 microns of thickness. 

The Comparison Example M utilized the Compound T described In Table 4 and was, In all other respects, 30 
similar to the Comparison Example L 

These additional electrodes were tested, with the results also shown In Table 3. 

The results for Examples F, G and H and Comparison Examples M are shown graphically in Figure 6. 

Two additional examples were formed as above using nickel-adhered -electrically conductive fabric 
Interposed between the sheets. Tests were run similar to those described with Examples F, Q, H, I, and J, and 35 
the electrolyte color, contamination and nickel concentration were measured. The results of these tests are 
shown in the following Table 5. 

Table 5 





Example N 


Example O 


Electric 


Ni-plate fabric 


Ni-plate fabric 


conductive 




base material 






Protective 


Compound A 


Compound B 


layer 






Electrolyte 


Colorless 


Colorless 


color 






Electrolyte 


None 


None 


contamination 






Ni 


0.05 


0.11 


concentration 






of electrolyte 






(ppm) 







The tests also show that the improved electrodes of sthe present Invention effectively avoid electrolyte 
discolor and contamination. Over a long period of time, the electrolytic current value was stabilized, find She 
surface of the electrode was not oxidized, while provlding.exceilent corrosion resistance so that the electrode 60 
may be used in electrolytic bath application for long, useful fife. 

The invention comprehends that the base be provided in a protective layer which .prevents meted of the 
conductive base material from oxidizing and dissolving. The protective layer delivers electrons tretween the 
conductive base and the electrolyte, while providing a highly flexible 'electrode. 

The surface layer filled with antioxidative conductive powder, or other highly conductive material, delivers 65 
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electrons directly to the electrolyte, thereby preventing oxidation of the protective layer. Again, the electrode 
is pro vided with enhanced long, troublefree life, with the improved construction thereof. The use of the 
antioxfdative surface portion of the electrode provides controlled electrolytic reaction, thereby efficiently 
generating gas. 

5 As another example of electrode manufactured In accordance with the invention, 100 parts of SIS 
compound (Kraton D11 11 manufactured by the Shell Chemical Co.) was mixed with 80 parts of acetylene black 
and WT-100 oil (cyclic fatty series manufactured by Fuji Kosan Co.). The material was mixed in a Banbury mixer 
and formed by roll mills to 100 mm of thickness to form 2 sheets. Fabric having 5 to 10 ohms/square mm of 
surface resistance value was adhered with approximately 13 g/m2 of nickel on polyester fabric of plain woven 

10 texture was interposed between the sheets. The laminate was mounted In a press and heated at 150 ° C under 
pressure to vulcanize the rubber for approximately 20 minutes In forming the electrode. The electrode (Sample 
1) had a length of 135 mm, a width of 75 mm, and a thickness of 15 mm, with a protective layer formed on the 
surface of the fabric having a thickness of approximately 1.0 mm. Felt material (320 mg/cm 2 ), having a 
thickness of 3 mm, was wound on the surface o the vulcanized material to obtain an electrode plate for use In 

15 soil, having a structure similar to that shown in Figure 7 of the drawing. 

Another example was manufactured from conductive urethane foam manufactured by Hayashi Felt, of 
Japan, made of continuous cell foams of 3 mm thickness, which was bonded with adhesive-electrically 
conductive rubber paste on the surface of the electrically conductive material of the above electrode to obtain 
an electrode for use in soil applications similar to the electrode shown in Figure 9. 

20 Another example electrode was formed by providing felt 320 mg/cm 2 of 3 mm thickness wound on the 
surface of the above electrode to obtain a modified form of electrode suit able for use in soil, having a structure 
similar to that shown In Figure 10. 

Another example was manufactured as an electrode similar to that of the electrode shown In Figure 10 
discussed above, and mounted in a polyacryiate housing having through holes of 1 mm diameter for use as a 

25 soil electrode, as shown in Figure 11. 

The electrodes were Inserted into soil containing 40 parts by weight of water to 100 parts by weight of dry 
soil, with the interval between electrode plates being 50 mm. A current of 15 mADC/cm 2 was applied thereto 
and the time from the initial voltage increase up to 20 volts (stabilization conduction time) was measured. The 
results are listed in the Table 6 below. 

30 

Table 6 



Electrode plate 


Stabilizing conducting 




time (hr) 


Sample 1 (Comparison 


5 


Example) 




Sample 2 (Fig. 7) 


28 


Sample 3 (Fig. 9) 


9 


Sample 4 (Fig. 10) 


62 


Sample 5 (Fig. 11) 


94 



As shown in Table 6, the electrodes for soil application embodying the invention lengthen the stabilization 

45 conduction time as compared with conventional electrodes. The electrodes covered with the filter layer and 
the electrodes provided with the fitter layer and an outer enclosure further increase the stabilization 
conduction time, whereby long troublefree life of the electrode is obtained. 

As discussed above, the filter layer prevents fine particles In the soil from entering Into engagement with the 
surface of the protective layer, while yet permitting permeability of the water to the electrolyte reacting surface 

50 thereof. Thus, the terminals permit electrolytic reaction on the surface for a long period of time maintaining 
stable conduction times. Where the protective layer have an uneven surface is provided in the electrode 
material, the surface area of the electrode is substantially Increased, permitting increased levels of current in 
use, thereby raising the current efficiency. The housing was found to protect the electrode material against 
deformation and further stabilizes the conduction time over a long period of time. 

55 A rubber Insulating layer, manufactured by Mitsuboshi Belting Ltd., was bonded to one surface of an 
elastomeric electrode of the construction described In Example A above. The rubber insulating layer had 
self-adhesiveness and had a thickness of 1 mm. An electrolytic corrosion resistant elastomer electrode was 
formed therefrom to have 1 mm thickness, 100 mm width, and 200 mm length. This electrode was bonded to a 
steel plate through an insulating layer dipped in 1% aqueous sulfuric acid solution. The elastomeric electrode 

60 was used as an anode and the steel plate was used as a cathode. A predetermined cathode current was fed for 
a predetermined time between the electrodes and the reduction weight of the steel plate due to the corrosion 
was measured. The results are shown in Rgure 13. As shown therein, when the current density becomes 0.20 
mA/cm 2 or larger, the corrosion amount of the steel plate was largely reduced. 
The foregoing disclosure of specific embodiments is illustrative of the Inventive concepts comprehended by 

65 the invention. 
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The invention also provides an electrode providing 
an electrically conductive base; 

a protective layer enclosing said base formed of anelastomeric material having selectively conductive material, 
said protective layer having an elastomer surface portion having antioxidative material distributed therein, said 
antioxidattve material being present in the amount of 5a to 1500 weight parts to 100 weight parts of the s 
elastomer; and 

an electrically conductive terminal extending from said base to exteriorly of said protective layer. 

The antioxidative material may consist of one or more oxides taken from the group consisting of TIO, VO t 
NbO, EuO, etc.; corundal oxide, such asTbOa, V2O3; rutile type oxide, such as Ti02 r SnCfe, RuCfe, OSO2, I1O2; 
Perovskite-type oxide, such as LaTlOa, CaVOs, SrVOs, CaCrOa, SrCrOa, LaNiC>3, LaCuOa, SrRuOa, LuNiOs; 10 
oxide, such as ReOa and MxWOs; Pyrochlore oxide, such as K2NIF4; spinel oxide, such asFeaO^ \SV\2O4\ and 
MxVaOs oxide, such as beta-MxV^Os. 

Alternatively the antioxidative material may . consist of one or more metal borides taken from the group 
consisting of TIB2, Zx&z, MoB, WB. 

In another alternative the antioxidative material consists of one or more metal silicides taken from the group 15 
consisting of TiSi2, WSI2, M0SI2. ZrSlz. 

In a further alternative the antioxidative material consists of one or more metaf nitrides taken. from the group 
consisting of UN, ZrN. 

In a yet further alternative the antioxidative material consists of one or more* metal carbides taken from the 
group consisting of TiC t ZrC, M02C, WC. 20 

The antioxidative material may be present in an amount of 100 to 800 weight parts to 100 weight parts of the 
elastomer. 

The Invention further provides an electrode comprising 
an electrically conductive base; 

a protective layer enclosing said base formed of an elastomeric material having antioxidative electrically 25 
conductive material distributed therein; and 

an electrically conductive terminal extending from said base to exteriorly of said protective layer. 

The protective layer may be provided with additional electrically conductive powder differing from, said 
antioxidative conductive material. 

The invention also provides a thin platelike electrode, comprising 30 
an elastomeric base member having electrically conductive particulate material distributed therein and 
defining opposite first and second face surfaces; 

a reinforcing layer facially joined to said first face surface of the base member; 
an insulative layer formed of an electrically insulative material facially joined to said second face surface of the 
base member; and 35 
receptacle means for receiving a terminal to have electrically conductive connection to said base member 
through said outer insulative layer. 



Claims 40 

1 . An electrode comprising: 
an electrically conductive baser 

a protective layer enclosing said base formed of an elastomeric material having conductive material 
selected from the group consisting of highly conductive carbon black, graphite, and glassy carbon 45 
distributed therein; and 

an electrically conductive terminal extending from said base to exteriorly of said protective layer. 

2. The electrode of claim 1 wherein said conductive material Is electrically conductive material present 
in the amount of 10 to 30 parts by weight to 100 parts by weight of the elastomeric material. 

3. The electrode of claim 2 wherein said conductive material in said: protective layer includes so 
antioxidative conductive powder distributed therein. 

4. The electrode of claim 2 wherein said; electrically conductive material contains 300-600 ml/100 g of 
DBP absorption number, 800-2000 mg/g of iodine number amount and 800-2000 m 2 /g of nitrogen surface 
area. 

5. The electrode of claim 2 wherein said elastomeric material comprises silicone rubber. 55 

6. The electrode of claim 2 wherein said elastomeric material comprises fluorine rubber. 

7. The electrode of claim 2 wherein said elastomeric material comprises rubber having a phenyl group 
side chain. 

8. The electrode of claim 2 wherein said elastomeric material comprises rubber having a phenyl side 
chain. 60 

9. The electrode of claim 2 wherein said elastomeric material comprises silicone rubber containing 
methyMnylslloxane polymer. 

1 0. The electrode of claim 2 wherein saldelastomeric material comprises fluorosiltcone rubber.. 

11. The electrode of claim 2 wherein said elastomeric material comprises fiuorosillcone rubber having a 
main chain of CF2. 65 
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12. The electrode of claim 2 wherein said elastomerlc material comprises silicone rubber containing 
fluorosiloxane dimethytsiloxane copolymer. 

13. The electrode of claim 2 wherein said elastomerlc materia] comprises fluorine rubber containing 
vinylidenefluoride. 

5 14. The electrode of claim 2 wherein said elastomerlc material comprises fluorine rubber containing 

tetrafluoroethyiene-propylene. 

15. The electrode of claim 2 wherein said elastomerlc material comprises fluorine rubber containing 
fluorine-containing nitrile. 

16. The electrode of claim 2 wherein said elastomerlc materia] comprises fluorine rubber containing 
10 fluorine-containing vlnylether. 

17. The electrode of claim 2 wherein said elastomeric material comprises fluorine rubber containing 
fluorine-containing triazine. 

18. The electrode of claim 2 wherein said elastomerlc material comprises fluorine rubber containing 
fluorine-containing phosphazlne. 

15 19. The electrode of claim 2 wherein the thickness of the protective layer is approximately 0.1 to 5.0 mm. 

20. The electrode of claim 2 wherein said base is formed of fabric. 

21 . The electrode of claim 2 wherein said base is formed of fabric selected from the group consisting of 
.netal-coated satin, twill, and woven fabric. 

22. The electrode of claim 2 wherein said base is formed of a fabric formed of metal-coated yams. 

20 23. The electrode of claim 2 wherein said base is formed of a fabric formed of metal-coated synthetic 

resin yams. 

24. The electrode of claim 2 wherein said base is from of a fabric formed of metal yarns. 

25. The electrode of claim 2 wherein said base is formed of metal mesh. 

26. The electrode of claim 2 wherein said base comprises a metal plate. 

25 27. The electrode of claim 2 wherein said base comprises a material having a surface resistance no 

greater than approximately 20 ohms/square mm. 

28. The electrode of claim 3 wherein said base has a thickness of no greater than 10 mm. 

29. The electrode of claim 1 further including an outer rigid housing having openings therethrough. 

30. The electrode of claim 1 further including a filter layer enclosing said protecting layer. 
30 31 . The electrode of claim 1 wherein said protecting layer has an uneven outer surface. 

32. The electrode of claim 2 wherein said protective layer has a surface portion having antioxidative 
power distributed therein. 

33. The electrode of claim 32 wherein said antioxidative powder Is preset in a weight part per 100 weight 
parts of elastomer greater than that of said electrically conductive material. 

35 34. The electrode of claim 32 wherein said antioxidative powder is preset In a weight part per 1 00 weight 

parts of elastomer 1 1/2 to 1 0 times that of said electrically conductive material. 

35. The electrode of claim 2 Including a filter layer formed of a porous material covering said protective 
layer and an electrically conductive terminal extending from said base to exteriorly of said Alter layer. 

36. The electrode of claim 2 wherein said protective layer has an irregular outer surface and an 
40 electrically conductive terminal extends from the base to exteriorly of said protective layer. 

37. The electrode of claim 35 further including an outer housing having a through opening therein. 

38. The electrode of claim 36 wherein said outer surface is covered with a filter layer of porous material. 
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